The contribution of discharge from carwashes to pollutant levels in stormwater was evaluated. Five carwashes and two outlets in the city of Toulouse (France) were selected. Water samples were collected from December 2006 to December 2007. Concentrations and loadings of classical water quality parameters (conductivity, pH, turbidity, chemical oxygen demand, nitrogen, phosphorus, ammonium, nitrate, suspended solid and volatile suspended solid) and
.
The case of Toulouse, France is particularly interesting because the town has a separated sewer system where organic compounds in the wastewater system cannot mix with the stormwater system (Xaumier et al. 2004) .
The stormwater sewer discharges into the Garonne River, whereas wastewater is routed to the wastewater treatment plant. However, water in the stormwater system comes not only from roof and road runoff but also from carwash discharges after a standard, on-site pre-treatment process.
Previous studies have questioned the efficiency of these pre-treatment processes. The aim of this work was to analyse the wastewater from carwashes upstream of the stormwater network to evaluate the impact of this source of pollution on the quality of stormwater.
MATERIALS AND METHODS

Sampling sites
Three carwashes were selected in Toulouse with the help of Veolia Water operators: Site 1 was a manual wash station that only serviced trucks; Site 2 was a self-service, highpressure water jet carwash that serviced cars and motorcycles; Site 3 was located in a petrol station that offered a self-service high-pressure water jet and washing roller brushes. These three sites discharged wastewater into the stormwater network downstream of a pre-treatment system composed of a scrubber and an oil separator.
The two main stormwater outlets of Toulouse were selected to evaluate the stormwater quality. The "Boulevards" outlet corresponds to an urbanised catchment area of 439 hectares. The "Mirail" outlet drains water from a more rural catchment area of 1428 hectares. were quantified with liquid-liquid extraction and liquid chromatography coupled with diode array detector; the limit of quantification for the sum C10-C13 was 1 mg/L.
RESULTS AND DISCUSSION
Pollutant concentrations in carwash samples
For the five samples collected at each carwash station, the minimum, maximum, mean, median and standard deviation values were calculated and are reported in Table 2 . Values less than the quantification limit were considered to be zero for statistical calculations.
Pollutant concentrations in outlets samples
Mean and standard deviation values were calculated from the ten values for each parameter measured at the two outlets (Table 3 ). Values less than the quantification limit were considered to be zero for statistical calculations.
The pH and Tot-P levels measured at the two outlets were lower than levels suggested by the carwash licences. These levels were similar in magnitude to that found in runoff water (Blanchard et al. 2001; Rossi et al. 2004 ).
Concentrations of PAHs, PCBs, MTBE and LAS were higher at the Mirail outlet than at the Boulevard outlet.
Pollutants loads
The carwashes consumed water at rates of 5,226 m 3 /year, 3,800 m 3 /year, 1,372 m 3 /year for sites 1, 2 and 3, y j is the water consumption of the carwash ( j) for one year.
The yearly pollutant loadings for each parameter measured at the outlets were calculated for 2 dry events and 8 rainy events according to Equation (2). Values less than the quantification limit were considered to be zero for the calculation.
Equation (2). Yearly pollutant loading for an outlet (o). 
Impact of carwashes on stormwater quality
As carwashes are allowed to drain their liquid waste into the stormwater system, it is interesting to compare loads from carwashes to the total pollution loads at outlets.
An inventory of the organisations that own discharges licences was determined for each catchment area: 22 licenced establishments contributed to the "Boulevards" outlet, compared to 8 for the "Mirail" outlet. These included residences, car parks, garage/workshop. We decided to represent all carwash organisations by one of the three carwashes studied. The configuration finally chosen for the two outlets studied was two self-service carwashes, The results indicate that the pollution derived from carwashes is variable between the outlets studied; the "Mirail" outlet seems to be more sensitive to carwash pollution. For both outlets, the pollution parameters that were broadly attributable to carwash stations were LAS, phosphorus and PAHs. During dry periods, the bulk of these pollutants appeared to derive from carwash stations.
CONCLUSIONS
This study evaluated the impact of carwash discharge on the quality of stormwater in a city equipped with separated stormwater and wastewater sewer systems. We screened classical pollutant parameters and organic pollutants in carwash wastewater and outlet runoff. The results suggest that, for at least one of the three carwashes studied, the measured pollutant concentrations in carwash discharge was more similar to the levels found in wastewater than in runoff stormwater. We also compared the pollutant loadings of carwash discharge to that of two stormwater outlets.
Water consumption of carwashes was negligible compared to the volume and flow rate of the stormwater system.
However, high concentrations of total phosphorus, PAHs and LAS were identified as contaminants in liquid waste from carwashes. The negative impact of carwash discharge in stormwater sewers was identified, and it is completely dependent on the number of carwashes. 
